The following fictional case is intended as a learning tool within the Pathology Competencies for Medical Education (PCME), a set of national standards for teaching pathology. These are divided into three basic competencies: Disease Mechanisms and Processes, Organ System Pathology, and Diagnostic Medicine and Therapeutic Pathology. For additional information, and a full list of learning objectives for all three competencies, see http://journals.sagepub.com/Objective FO1.2: Causes of Ovarian Neoplasm. Describe the risk factors, genetic associations, and molecular basis, including hereditary cancer syndromes, for ovarian neoplasms, including those derived from epithelium, sex cord stromal as well as germ cell neoplasms.
Patient Presentation
A 20-year-old female with no significant past medical history presented with progressive shortness of breath. Physical examination was notable for decreased breath sounds in lower half of the right chest, a distended abdomen with a palpable adnexal mass in the left lower abdomen extending 2 fingers below the umbilicus. Pelvic examination was remarkable for a large, mobile pelvic mass with fullness in posterior cul-de-sac.
Diagnostic Findings, Part 1
Computed tomography (CT) of the chest showed large right pleural effusion and trace left pleural effusion with associated atelectasis. Computed tomography of the abdomen and pelvis revealed a large left adnexal mass with central necrosis and moderate amount of free fluid within the abdomen.
Questions/Discussion Points, Part 1
What Is the Clinical Differential Diagnosis Based on the Physical Examination and Imaging Findings?
Differential diagnosis of an adnexal mass in a young adult is very broad and should include benign ovarian cysts and masses (ie, corpus luteum cyst, follicular cyst, mature teratoma, polycystic ovaries, theca-lutein cyst etc) as well as malignant ovarian neoplasms (ie, borderline tumors, epithelial carcinoma, ovarian germ cell tumor, sex cord, or stroma tumor etc). One should also consider benign and malignant nonovarian entities, including ectopic pregnancy, hydrosalpinx, leiomyoma, tubo-ovarian abscess, to name a few. Similarly, benign and malignant nongynecologic etiologies should be considered including appendiceal abscess, nerve sheath tumor, pelvic kidney, gastrointestinal carcinoma (Krukenberg tumor), metastasis from breast, colon and so on. 2, 3 The presence of pleural effusion with ascites likely constitutes a Meigs syndrome, which is defined by a triad of an ovarian fibroma or fibroma-like tumor, pleural effusion, and ascites. 4
What Additional Laboratory Studies Should Be Performed?
A urine pregnancy test should be performed routinely in any woman of reproductive age who presents with an adnexal mass. If the pregnancy test is positive, a quantitative b subunit human chorionic gonadotropin (b-HCG) should be obtained. Several tumor markers are also available that may be helpful in the evaluation of patients with adnexal masses. Cancer antigen (CA)-125, lactate dehydrogenase (LDH), a-fetoprotein (AFP) should be obtained for initial assessment. 5 Additionally, fine needle aspirate of the pleural effusion should be considered, which may provide cytological diagnostic information. 
Diagnostic Findings, Part 2

Questions/Discussion Points, Part 2
How Do the Cancer Biomarkers Help in Narrowing the Differential Diagnosis?
Tumor markers are soluble glycoproteins that are found in the blood, urine, or tissues of patients with certain types of cancer. They are typically produced by tumor cells, but in some cases, they may be produced by the body in response to malignancy or to certain benign conditions. 5 As such, serum tumor markers are useful as a preoperative diagnostic tool in certain types of gynecological cancer. In epithelial ovarian cancer, CA-125 has been identified as the most sensitive marker. Serum tumor markers are particularly informative in distinguishing ovarian germ cell tumors (Table 1) . Serum LDH is often increased in dysgerminoma and mixed germ cell tumors. In choriocarcinoma, dysgerminoma, and mixed germ cell tumors, b-HCG is significantly increased. AFP is increased in yolk sac tumor and embryonal cell tumors. 6 The patient is young (<30 years), not in the usual age range for ovarian carcinoma (peri and postmenopausal age), and her presurgical serum AFP was solely and significantly elevated, focusing the differential diagnosis to yolk sac (endodermal sinus) tumor.
Diagnostic Findings, Part 3
Given her extensive disease, patient underwent a fertilitysparing left salpingo-oophorectomy, cytoreduction, and surgical staging procedure. A mass replacing the left ovary weighed 1112 g and was 15.5 cm in greatest dimension. Sectioning revealed complete effacement by a variegated soft, yellow, gray, and red lesion with numerous areas of geographic hemorrhage and necrosis.
Questions/Discussion Points, Part 3
Describe the Gross Findings Seen in Figure 1 The cut surface reveals a large mass with a tan-white, fleshy, and lobulated surface and extensive areas of necrosis and hemorrhage.
Describe the Histologic Features Seen in Figures 2
A medium-power photomicrograph showing the microscopic characteristic feature of yolk sac tumor. Schiller-Duval body, which is composed of a central vessel surrounded by loose connective tissue, which in turn is surrounded by primitiveappearing epithelium free floating in spaces (arrow heads). The inset in Figure 2 , is a high-power photomicrograph, exhibiting the variably sized eosinophilic hyaline globules that may be seen in association with the Schiller-Duval bodies (arrows).
Describe the Histologic Features Seen in Figures 3
Immunohistochemistry (IHC) selectively identifies the cells with antigens (proteins) by employing the principle of antibodies binding specifically to antigens in biological tissues, in this case AFP. Figure 3 demonstrates a high-power photomicrograph, highlighting the positive AFP immunoreactivity of hyaline globules (arrows).
What Are the Distinguishable Morphologic and Laboratory Features of This Tumor?
The World Health Organization (WHO) classifies ovarian neoplasms according to their most probable tissue of origin. Most primary ovarian tumors arise from 1 of the 4 ovarian components: (1) surface epithelium and tubal fimbria, (2) ovarian stroma, (3) sex cord-stroma, and (4) germ cells. In yolk sac tumor, a germ cell neoplasm, the neoplastic elements mimic the cells that migrate from the embryological yolk sac to the ovary. 7 Although rare, yolk sac tumor (previously denoted as endodermal sinus tumor) is the second most common malignant germ cell tumor of the ovary that affects children and adolescents. 6, 8 Consistent with differentiation along the extraembryonic yolk sac lineage, the serum AFP level is elevated, whereas the serum chorionic gonadotropin levels are normal. 7, 8 Histological characteristics of yolk sac tumors are variable, for example, reticular or microcystic areas formed by a loose meshwork lined by flat or cuboidal cells; rounded glomeruloid bodies composed of a central blood vessel enveloped by tumor cells within a space that is also lined by tumor cells (Schiller-Duval body). 8 Intracytoplasmic and extracellular eosinophilic, periodic acid-Schiff-positive hyaline droplets are almost always present and frequently stain for AFP by immunoperoxidase techniques. These droplets may also contain a 1antitrypsin and basement membrane components. Yolk sac tumor shows positivity for SALL4 and glypican-3 and is negative for OCT 3-4. The tumor cells may react with pankeratin (but not for keratin 7 or epithelial membrane antigen (EMA)-differentiating them from endometrioid and clear cell ovarian carcinoma) as well as WT1 (similar to serous ovarian carcinoma). DNA studies have revealed that yolk sac tumors are aneuploid. [7] [8] [9] Treatment management in oncology is often guided based on the stage of the cancer. Cancer staging is a rating measure to reflect the growth and spread of disease. Most cancers are staged based on the TNM staging system, which is maintained by the American Joint Committee on Cancer. In this system, T (tumor size), N (nodes), and M (metastasis) describe a different area of cancer growth. The values from T, N, and M are combined to assign an overall stage. Cancers that can't spread to distant sites are rated as stage 0. Stage I includes small primary tumors that haven't spread to lymph nodes. Stage II and III are larger or more extensive primary tumors with or without cancer in nearby lymph nodes. Stage IV is cancer that has spread to distant sites at diagnosis. 10 The introduction of multidrug chemotherapy regimen has dramatically improved survival rates. Administration of adjuvant chemotherapy, clinical stage, and younger age are associated with good outcomes. Serial measurements of serum AFP are informative in monitoring the tumor course. 11
Patient Follow-Up
Following the surgery, patient was confirmed to have stage IV disease, underwent systemic treatment, and completed 4 cycles of bleomycin, etoposide, and cisplatinum chemotherapy regimen. She has resolution of respiratory symptoms and pleural effusion. Her serum AFP levels have normalized with the most recent level at 3.2 (ref range: 0.5-8.0 ng/mL). For surveillance, she will have serum AFP measurement monthly for 2 years.
Teaching Points
Yolk sac tumor is a rare, but potentially aggressive germ cell ovarian neoplasm that most often presents in children and young adults. Serum cancer biomarker levels may be a useful presurgical tool to focus the differential diagnosis. Yolk sac tumor is characterized by significantly elevated serum AFP level. Schiller-Duval body is the defining morphologic feature of yolk sac tumor. Yolk sac tumor shows positive immunostaining for AFP, pankeratin, WT1, SALL4, and glypican-3 and demonstrates negative immunoreactivity for OCT 3-4. Administration of adjuvant chemotherapy, clinical stage, and younger age (<30 years) are associated with more favorable outcomes.
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